Spinal cord injury can be a life-altering trauma for patients and can be costly to patients and society alike. Generally recognized as biphasic, these injuries have both primary and secondary drivers. Although the primary insult is largely unavoidable, prevention of secondary injury mechanisms-and the resultant cascade-has been a target of substantial research. Continued spinal cord compression has been recognized as one of several deleterious secondary mechanisms, and decompressive and stabilization surgery has been routinely used for neuroprotection in this setting. Numerous biomechanical and animal studies have confirmed its potential utility. More recently, several high-quality randomized trials have concluded that early surgery for spinal cord injury improves rates of recovery when compared with delayed or nonoperative management. Herein, we argue that early surgery for spinal cord injury with continued cord compression offers significant benefit and should be undertaken when not contraindicated.
With a worldwide incidence of 3.6 to 195.4 patients per million [1] and approximately 12,500 new cases in the United States annually [2] , traumatic SCI (TSCI) can be physically and physiologically devastating on an individual level, and financially burdensome on a societal one. Therapies aimed at mitigating the untoward consequences of TSCI are continually being explored. Surgery is one of those modalities and increasing evidence is mounting that early intervention improves outcomes compared with late or nonoperative management.
Neurologic injury following TSCI occurs by both primary and secondary mechanisms. The primary injury, caused by rapid spinal cord compression, shear, and contusion, precipitates a cascade of events culminating in the secondary injury. These secondary mechanisms include physiological, biochemical, immunological, and cellular changes in the injured cord [3] [4] [5] [6] . Continued spinal cord compression is another potential source of secondary injury and decompressive and stabilization surgery aims to prevent this type of damage.
Several animal studies have suggested that SCI is correlated with time duration of spinal cord compression, and that early decompression may be neuroprotective [7] [8] [9] [10] . In one of the highest quality studies specifically evaluating the relationship between timing of spinal cord decompression and the potential for recovery following surgery, Carlson et al. [9] compared the neurological recovery of 16 dogs that underwent sustained spinal cord compression for either 30 or 180 min, followed by removal of the compressive loads. Somatosensory-evoked potentials (SSEPs) monitoring, which were lost during the compressive period, recovered during a 60 min post-compressive period for the dogs in the 30 min cohort, but not in the 180 min cohort. This SSEP recovery in the 30 min cohort was sustained 28 days post injury. Functional motor recovery was also significantly better in the 30 min group compared with the 180 min cohort. The authors suggest that the secondary injury mechanisms related to prolonged tissue displacement can be mitigated by spinal cord decompression and prolonged tissue displacement times can allow propagation of these secondary mechanisms making recovery more difficult.
These findings have been multiply corroborated and the consensus in the spine literature is that preclinical studies have confirmed the benefit of timely decompression for SCI with continued compression [7, 8, 10] . However, early clinical studies in humans were more equivocal regarding improved outcomes for surgery as opposed to nonoperative management in this setting.
Guttman [11] was an early advocate for nonoperative management of SCI and recommended postural reduction techniques to help with recovery. Frankel et al. [12] reported their series of 612 patients who had sustained SCI and were managed using postural reduction at the National Spinal Injuries Centre at Stoke Mandeville Hospital in England. Managed nonoperatively, 29% of Frankel A patients improved at least one grade during their hospital stay. This has served as a benchmark for spontaneous neurological recovery following nonoperative management of SCI.
Some studies from the late 1980s and early 1990s found no differences in the neurological outcomes of operatively and nonoperatively managed patients [13] [14] [15] [16] . However, one of those studies [15] was a retrospective review of prospectively collected data from the NASCIS II trial, which was not designed to study differences in surgical and nonsurgical outcomes, and another [16] was a prospective but non-randomized trial and actually showed a significant mortality benefit to surgery, but no difference in neurological recovery. Similarly, prospective studies by Vaccaro et al. [17] and Waters et al. [18] were unable to document a beneficial effect of the timing of surgical decompression. However, all patients in the study of Water et al. [18] underwent delayed surgical intervention and even the patients who underwent early surgery in the cohort of Vaccaro et al. [17] may not have been operated on for as long as 72 h post injury.
Studies from the early 2000s began to more convincingly demonstrate a benefit to surgical intervention for SCI. Papadopoulos et al. [19] prospectively compared the results of operative and nonoperative management of 91 patients with cervical SCI. Only 25% (6/25) of the nonoperative cohort experienced neurological improvement (consistent with earlier reports), compared with over 50% (39/66) of the decompressed patients, including 12% (vs 0%) of patients in this cohort with Frankel A or B grades who improved to Frankel D or E.
Although all nonoperative management studies have been limited to Level III evidence (retrospective series) and the majority of studies comparing operative and nonoperative management had been limited to Level II (prospective, nonrandomized, or low-quality randomized, prospective) and Level III studies, a meta-analysis of the literature from 1966 to 2000 concluded that early decompression resulted in better outcomes compared with both conservative (P < 0.001) and late management (P < 0.001) [20] .
Finally, in 2012, a well-designed, multicenter, prospective study evaluated the effects of early (<24 h) vs late (>24 h) surgery in the setting of SCI [21] . The STASCIS [21] (Surgical Timing in Acute Spinal Cord Injury Study) included 313 patients with acute cervical SCI, 182 who underwent early surgery (<24 h), and 131 who underwent late surgery (>24 h) and who were followed for 6 months. This study definitively demonstrated the benefits of early surgery and found that 19.8% of the early surgery cohort improved ≥2 American Spinal Injury Association (ASIA) grades compared with only 8.8% of those who underwent later surgery. Regression analysis demonstrated that controlling for preoperative neurological status and steroid administration, the odds of at least a 2 grade ASIA Impairment Scale (AIS) improvement were 2.8 times higher for those undergoing early vs late surgery (odds ratio = 2.83, 95% confidence interval:1.10-7.28).
SCI has a biphasic mechanism and, although the primary injury may be irreversible and unpreventable, the secondary injury may be attenuated with interventions including surgery. Animal studies have lead to a better understanding of the pathophysiology of SCI and have established a rationale for early surgical intervention. With more advanced surgical techniques and spinal instrumentation, recent studies have confirmed the benefits of early surgery for SCI [21] [22] [23] . Riew et al. [24] in a commentary on the increasing use of surgery for central cord syndrome [25] noted that with the widespread acceptance in the surgical community of early surgery in this setting, we may have reached a "tipping point" in SCI care such that early intervention is now so widely accepted that it may become the new standard of care. In light of the current evidence, unless there is a contraindication to early surgery, most patients should have early decompression.
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